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HIGif PERFORMANCE LIQUID CHROMATOGRAPHY OF AMINO ACIDS, 
PEPTIDES A N D  PROTEINS E. PART E. REF.15. 

ABSTRACT 

This paper reports the application o f  high speed gel 
permeation techniques for the fractionation of human 
thyroglobulin preparations on chemically bonded, polar 
phase microparticulate silicas. Both resolution and 
recovery were found to be dependent on the ionic strength 
and pH o f  the eluent. At high salt concentrations signif- 
icant hydrophobic interactions may occur between the support 
matrix and the protein solute;. The sheep liver enzyme, 
aldehyde dehydrogenase, w a s  found to exhibit similar salt- 
and pH-dependent effects under these chromatographic 
conditions. 

INTRODUCTION 

Gel permeation chromatography has been very extensively 
used in studies on the isolation and structural character- 
isation o f  proteins and polypeptides. Because solutes a r e  
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1550 HEARN ET AL. 

n o t i o n a l l y  s e p a r a t e d  o n  t h e  b a s i s  o f  a n o n - i o n i c  m o l e c u l a r  

s i z e  e f f e c t ,  t h i s  m e t h o d  a l s o  p e r m i t s  t h e  m o l e c u l a r  w e i g h t  

a n d  r a d i u s  o f  g y r a t i o n  o f  a p r o t e i n  t o  b e  d e t e r m i n e d  u n d e r  

n a t i v e  o r  d e n a t u r e d  c o n d i t i o n s .  A l a r g e  v a r i e t y  o f  s o f t  

g e l  m a t r i c e s ,  b a s e d  o n  a g a r o s e ,  p o l y d e x t r a n ,  p o l y a c r y l a m  

a n d  i t s  c o - p o l y m e r s ,  a r e  now a v a i l a b l e  w i t h  p o r e  s i z e s  

c o m p a t i b l e  w i t h  t h e  r a n g e  o f  m o l e c u l a r  w e i g h t s  ( 1 0 3 - 1 0  
d a l t o n s  a n d  a b o v e )  w h i c h  p o l y p e p t i d e s  a n d  p r o t e i n s  e x h i b  

6 

d e  

t .  
M o s t  o f  t h e s e  g e l s ,  h o w e v e r ,  c a n n o t  w i t h s t a n d  h i g h  p r e s s u r e s  

a n d  t h e y  a l s o  u n d e r g o  d e f o r m a t i o n  w i t h  c h a n g e s  i n  e x p e r i -  

m e n t a l  c o n d i t i o n s  ( m o b i l e  p h a s e  c o m p o s i t i o n ,  i o n i c  s t r e n g t h ,  

t e m p e r a t u r e ,  e t c . )  A s  a c o n s e q u e n c e ,  c o n v e n t i o n a l  s i z e  

e x c l u s i o n  g e l s  h a v e  p r o v e d  u n s u i t a b l e  when u s e d  i n  c o n j u n c -  

t i o n  w i t h  t e c h n i q u e s  u s u a l l y  a s s o c i a t e d  w i t h  h i g h  p e r f o r m  

a n c e  l i q u i d  c h r o m a t o g r a p h y  ( H P L C ) .  R e c e n t l y ,  a t t e n t i o n  

h a s  b e e n  f o c u s e d  o n  t h e  u s e  o f  p o r o u s ,  s u r f a c e - m o d i f i e d ,  

s i l i c a  p a c k i n g  m a t e r i a l s  f o r  t h e  h i g h  s p e e d  g e l  f i l t r a -  

t i o n  o f  p o l y p e p t i d e s  a n d  p r o t e i n s .  

h a v e  d e s c r i b e d  t h e  u s e  o f  s i l i c a - b a s e d  s u p p o r t s  f o r  a n a l y -  

t i c a l  a p p l i c a t i o n s ,  e g .  d e t e r m i n a t i o n  o f  m o l e c u l a r  w e i g h t  

o f  p o l y p e p t i d e s  i n  t h e  p r e s e n c e  o f  d i s s o c i a t i n g  r e a g e n t 5  

s u c h  a s  0 . 1 %  s o d i u m  d o d e c y l s u l p h a t e ,  6 M  g u a n i d i n e  h y d r o .  

c h l o r i d e  o r  6 M  u r e a .  A t  p r e s e n t ,  o n l y  l i m i t e d  i n f o r m a t i o n  

i s  a v a i l a b l e  o n  t h e  u s e  o f  b o n d e d  p o l a r  p h a s e  s i l i c a s  f o r  

t h e  p r e p a r a t i v e  c h r o m a t o g r a p h y  o f  n a t i v e  p r o t e i n s .  E n c o u r -  

a g i n g  r e s u l t s  h a v e  b e e n  r e p o r t e d 6 ”  b y  s e v e r a l  g r o u p s  o n  

t h e  s m a l l  s c a l e  s e p a r a t i o n  o f  p r o t e i n s ,  s u c h  a s  c h y m o t r j p -  

s i n o g e n  A a n d  c a t a l a s e ,  w i t h o u t  l o s s  o f  b i o l o g i c a l  a c t i ~ i i t y  

u n d e r  s t a t i c  o r  d y n a m i c  c o n d i t i o n s .  I n  t h i s  p a p e r  we r e p o r t  

t h e  g r o u p  s e p a r a t i o n  o f  human t h y r o i d  p r o t e i n s  w i t h  t h e  

1.1 B o n d a g e 1  € - l i n e a r  t y p e  p a c k i n g  m a t e r i a l ,  o n  a l O p m  p o r o u s  

s i l i c a  m a t i r x ,  w h i c h  h a s  b e e n  s u r f a c e  c o a t e d  w i t h  a p e r m -  

a n e n t l y  b o n d e d  e t h e r  p h a s e  a n d  w i t h  a r e p o r t e d  n o m i n a l  

m o l e c u l a r  w e i g h t  s e p a r a t i o n  r a n g e  o f  2 x 1 0 3 - 2  x 1 0  
u n d e r  e l u t i o n  c o n d i t i o n s  w h i c h  a l l o w  e x c e l l e n t  r e c o v e r y  o f  

A v a r i e t y  o f  s t u d i e s ’ - ’  

6 d a l t o n s  
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HUMAN TWROGLOBULIN AND SHEEP LIVER ENZYME 1551 

h u m a n  t h y r o g l o b u l i n .  I n  a d d i t i o n ,  s i m i l a r  m e t h o d s  were 
a p p l i e d  t o  mon i to r  t h e  p u r i f i c a t i o n  ? f  sheep  l i v e r  a l d e h y d e  
dehydrogenase .  

EXPERIMENTAL 

High Performance Liquid  Chromatography.  

A Waters A s s o c .  ( M i l f o r d ,  Mass., U . S . A . )  H P L C  sys t em 
was used which c o n s i s t e d  of  a M6000A s o l v e n t  d e l i v e r y u n i t ,  
a U6K u n i v e r s a l  l i q u i d  'chromatograph i n j e c t o r  a n d  a M450 
v a r i a b l e  wavelength  U V  moni to r  coupled  t o  a Rikadenki  
doub le  channel  c h a r t  r e c o r d e r .  The UBondagel E - l i n e a r  
columns ( l O v m ,  30cm x 3.9mm I D ) ,  o b t a i n e d  from Waters A s s o c . ,  
were coupled  i n  s e r i e s  v i a  z e r o  d e a d  volume c o n n e c t o r s .  The 
nominal void volume a n d  i n n e r  v o l u m e  were de t e rmined  wi th  
b l u e  d e x t r a n  a n d  L - t ryp tophan  o r  8 -mercap toe thano l  
r e s p e c t i v e l y .  The sample i n j e c t i o n s  ( 1 0 - 5 0 p 1 ) ,  a t  p r o t e i n  
c .oncen t r a t ions  r ang ing  from l - Z O m g / m L ,  were made wi th  
P res su re -Lok  1,iquid s y r i n g e s  from P r e c i s i o n  Sampling C o r p .  
( B a t o n  Rouge, L a . ,  U . S . A . ) .  E l u a n t s  were f i l t e r e d  a n d  

8 degassed  p r i o r  t o  use a s  r e p o r t e d  p r e v i o u s l y  . All chrom- 
a tog raphy  w a s  c a r r i e d  o u t  a t  room t e m p e r a t u r e  ( c a .  18' ) .  

P r e p a r a t i o n  of P r o t e i n  Samples .  

C r u d e  h u m a n  t h y r o g l o b u l i n  was e x t r a c t e d  from human 
t h y r o i d s  by t h e  m e t h o d  o f  S a l v a t o r e  e t  a l .  . P u r i f i e d  
human t h y r o g l o b u l i n  was p repa red  f r o m  t h e  above e x t r a c t  
b y  chromatography on Sepharose  C L - 4 B  u s ing  a 150rnM NaC1-  
l O m M  Tris-HC1,  pH 8 . 0 ,  b u f f e r  fo l lowed  by  a f f i n i t y  chroma- 
tog raphy  us ing  e s t a b l i s h e d  p rocedures  ' O Y 1 l .  
a g a i n s t  h u m a n  t h y r o i d  e x t r a c t s  a n d  Sephadex 6 2 0 0  chromato-  
graphed  h u m a n  t h y r o g l o b u l i n  were r a i s e d  in  gu inea  p i g s  a s  
r e p o r t e d  p r e v i o u s l y  . 

t i o n s  were chromatographed on a Sephac ry l  5 - 2 0 0  c o l u m n  

9 

A n t i s e r a  

10 

The c r u d e  sheep l i v e r  a ldehyde  dehydrogenase  p r e p a r a -  
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1552 €LEARN ET AL. 

( 9 0  x 2cm) u s i n g  a 25mM KH2P04-0 .1% 1 3 - m e r c a p t o e t h a n o l ,  

pH 7 . 3 ,  b u f f e r  a t  a f l o w  r a t e  o f  0 . 7 m l / m i r .  E n z y m a t i c  

a c t i v i t y  was d e t e r m i n e d  s p e c t r o p h o t o m e t r i c a l l y  u s i n g  1 0 0 ~ 1  
a l i q u o t s  o f  e a c h  f r a c t i o n  a n d  ,the p r o p i o n a l d e h y d e - N A D  a s s a y  

p r o c e d u r e  . 1 2  

R E S U L T S  A N D  DISCUSSION 

T h e  p o t e n t i a l  o f  p o r o u s  s i l i c a - b a s e d  p a c k i n g  m a t e r  a l s  
f o r  t h e  h i g h  s p e e d  c h r o m a t o g r a p h i c  s e p a r a t i o n  o f  p r o t e  11s 

h a s  b e e n  a p p r e c i a t e d  f o r  a n u m b e r  o f  y e a r s ,  a l t h o u g h  u n t i l  

t h e  a d v e n t  o f  s i l i c a s  w i t h  s u r f a c e - b o n d e d  h y d r o p h i l i c  p h a s e s ,  

t h e i r  w i d e s p r e a d  a p p l i c a t i o n  was n o t  p r a c t i c a l .  I n  g e n e r a l  I 

p r o t e i n s  a r e  s t r o n g l y  a d s o r b e d  t o  s i l i c a  m a t r i c e s  d u e  t o  

h y d r o g e n  b o n d i n g  o f  t h e  - N H  o r  - O H  g r o u p s  o f  t h e  b i o m o l e c u l ?  

t o  o x y g e n s  o f  t h e  s i l o x a n e  c h a i n s  a n d  i o n i c  i n t e r a c t i o n s  o f  
s o l u t e  c a t i o n i c  g r o u p s  w i t h  t h e  n o n - b r i d g i n g  s i l a n o l  g r o u p \  

o f  t h e  m a t r i x .  The h y d r o g e n  b o n d i n g ,  b u t  n o t  i o n i c ,  e f f e c t 5  

c a n  b e  l a r g e l y  o v e r c o m e  b y  c o a t i n g  t h e  s i l i c a  w i t h  a p o l a r  

p h a s e .  S c h e c t e r  h a s  used1 ‘  t h i s  a p p r o a c h  f o r  t h e  s e o a r a t i c i n  

o f  s e v e r a l  p r o t e i n s  o n  C a r b o w a x - 2 0 m  d e a c t i v a t e d  s i l i c a s .  

W i t h  t h e  d e v e l o p m e n t  o f  m i c r o p a r t i c u l a t e  p a c k i n g s  made f r o m  
p o r o u s  s i l i c a s  o r  g l a s s e s  w i t h  v a r i o u s  h y d r o p h i l i c  c a r b o n -  

a c e o u s  p h a s e s  c h e m i c a l l y  b o n d e d  t o  t h e  m a t r i x  s u r f a c e ,  many 

o f  t h e  l i m i t a t i o n s ,  i n c l u d i n g  p o o r  p e a k  s h a p e  a n d  l o w  

r e c o v e r i e s  a r i s i n g  f r o m  t h e  s t r o n g  c o u l o m b i c  i n t e r a c t i o n s  

b e t w e e n  t h e  s u p p o r t  a n d  t h e  p r o t e i n  s o l u t e s  h a v e  b e e n  

l a r g e l y  o v e r c o m e .  I t  i s  now c l e a r  f r o m  a n u m b e r  o f  s t u d -  

i e s  1 ’ 4 ’ 6  o n  t h e  e l u t i o n  c h a r a c t e r i s t i c s  o f  a g r o u p  o f  
s i m i l a r  g l o b u l a r  p r o t e i n s ,  i n c l u d i n g  o v a l b u m i n  a n d  b o v i n e  

s e r u m  a l b u m i n ,  t h a t  t h e  t o t a l  p e r m e a t i o n  t i m e s  o b t a i n e d  

w i t h  t h e s e  b o n d e d  s i l i c a - b a s e d  s i z e  e x c l u s i o n  s u p p o r t s  a r e  

c o n s i d e r a b l y  s h o r t e r  t h a n  t h o s e  o b s e r v e d  w i t h  c o n v e n t i o n d l  

p o l y s a c c h a r i d e  g e l s  o f  c o m p a r a b l e  p o r e  s i z e .  F u r t h e r m o r e ,  

t h e  g e n e r a l l y  l o w e r  p e r m e a b i l i t i e s  o f  t h e  m i c r o p a r t i c u l a t e  

s i l i c a - b a s e d  s u p p o r t s ,  c o m p a r e d  t o  t h o s e  o f  t h e  c o n v e n t i o n d l  
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c a r b o h y d r a t e  s u p p o r t ,  c a n  b e  e x p e r i m e n t a l l y  c i r c u m v e n t e d  

b y  i n c r e a s i n g  t h e  c o l u m n  e f f i c i e n c i e s ,  e g .  b y  t h e  u s e  o f  

p a c k i n g  m a t e r i a l s  w i t h  a n a r r o w  p a r t i c l e  s i z e  d i s t r i b u t i o n  

a n d  a p p r o p r i a t e  p o r e  d i a m e t e r r a n g e ,  b y  o p t i m i s i n g  t h e  

f l o w  r a t e  a n d  b y  t a k i n g  a d v a n t a g e  o f  s o l u t e - e l u e n t  i n t e r -  

a c t i o n s .  R e s o l u t i o n  a n d  t h e  e x t e n t  o f  i n c l u s i o n  o f  p r o t e i n  

s o l u t e s  w i t h  a s i l i c a - b a r e d  s u p p o r t  o f  n o m i n a l  p a r t i c l e  s i z e  

a n d  p o r e  d i a m e t e r  r a n g e  s h o u l d ,  h o w e v e r ,  r e s p o n d  t o  c h a n g e s ,  

i n t e r  a l i a ,  i n  t h e  c o m p o s i t i o n  a n d  t h e  pH o f  t h e  e l u e n t  i n  

a s i m i l a r  p r e d i c t a b l e  m a n n e r  t o  t h a t  e x p e r i e n c e d  w i t h  

c o n v e n t i o n a l  g e l s .  B o t h  o f  t h e  a b o v e  e l u e n t  p a r a m e t e r s  a r e  

k n o w n  t o  s i g n i f i c a n t l y  a f f e c t  t h e  d e g r e e  o f  h y d r a t i o n  a n d  

t h e  t e r t i a r y  s t r u c t u r e  o f  p r o t e i n s  a n d  t h e y  m a y  a l s o  

i n f l u e n c e  t h e  p o r e  s t r u c t u r e  i e .  b y  c h a n g i n g  t h e  e f f e c t i v e  

p o r e  v o l u m e ,  o f  t h e  p a c k i n g  m a t e r i a l .  

g l a n d  a n d  h a s  u s u a l l y  b e e n  f r a c t i o n a t e d  f r o m  t h e  o t h e r  

t h y r o i d  p r o t e i n s  b y  a g a r o s e  g e l  c h r o m a t o g r a p h y  e g .  o n  

S e p h a r o s e  C L - 4 B  . I n  p r e l i m i n a r y  e x p e r i m e n t s  d e s i g n e d  t o  

t e s t  t h e  s u i t a b i l i t y  o f  c o l u m n s  p a c k e d  w i t h  u B o n d a g e 1  E -  
l i n e a r  t o  s e p a r a t e  human t h y r o g l o b u l i n  f r o m  t h e  o t h e r  

t h y r o i d  p r o t e i n s  ( t o t a l  m o l e c u l a r  w e i g h t  r a n g e  c a  3 x 1 0  - 
7 x 10  d a l t o n s )  p r e s e n t  i n  c r u d e  e x t r a c t s ,  t h e  e f f e c t s  o f  

e l u e n t  c o m p o s i t i o n ,  pH a n d  f l o w  r a t e  w e r e  e x a m i n e d .  F l o w  

r a t e s  u p  t o  Z .OmL/min  g a v e  r e p r o d u c i b l e  e l u t i o n  p r o f i l e s  

w i t h o u t  s i g n i f i c a n t  c h a n g e s  i n  t h e  e l u t i o n  v o l u m e s  o f  t h e  

p r o t e i n  c o m p o n e n t s  w i t h  s l i g h t l y  i m p r o v e d  r e s o l u t i o n  a t  

t h e  l o w e r  f l o w  r a t e s ,  e g .  O . S m L / m i n .  T h e  e x t e n t  o f  p e a k  

i n c l u s i o n ,  p e a k  s h a p e  a n d  r e c o v e r i e s  o f  t h e s e  t h y r o i d  

p r o t e i n s  w e r e ,  h o w e v e r ,  s i g n i f i c a n t l y  a f f e c t e d  b y  c h a n g e s  

i n  t h e  c o m p o s i t i o n  a n d  pH o f  t h e  e l u e n t .  F o r  e x a m p l e ,  

w i t h  l o w  i o n i c  s t r e n g t h  b u f f e r s ,  e g .  5mM s o d i u m  a c e t a t e  

pH 6 . 9 ,  u p  t o  50mM ammonium a c e t a t e  pH 5 . 5 ,  o r  w i t h  

c h a o t r o p i c  e l u e n t s ,  e g .  5M u r e a ,  a t  f l o w  r a t e s  u p  t o  2 m L / m i n ,  

T h y r o g l o b u l i n  i s  t h e  m a j o r  g l y c o p r o t e i n  o f  t h e  t h y r o i d  
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/ I l l , , ,  , ' I !  1 , s  

0 2 4 6 8 10 I2 14 16 18 20 22 
fraction number 

FIGURE ( l a )  

G e l  e x c l u s i o n  c h r o m a t o g r a p h y  o f  a c r u d e  human t h y r o i d  
p r o t e i n  e x t r a c t  o n  d u a l  u B o n d a g e 1  E - l i n e a r  c o l u m n s  
( 2  x 30cm x 3 . 9 m m  1 . 0 . )  e l u t e d  w i t h  a 5 0 m M  ammonium a c e t a t t j ,  
pH 5.5, b u f f e r  a t  a f l o w  r a t e  o f  2 m L / m i n .  T h e  v o i d  
v o l u m e  ( c a .  3 .2mL)  was c a l i b r a t e d  w i t h  B l u e  D e x t r a n  2 0 0 0 .  

FIGURE ( l b l  

G e l  e x c l u s i o n  c h r o m a t o g r a p h i c  p r o f i l e  o f  human t h y r o g l o b u l  i n  
p r e v i o u s l y  f r a c t i o n a t e d  o n  S e p h a r o s e  C L - 4 B .  C h r o m a t o g r a p h i c  
c o n d i t i o n s  a s  i n  ( l a ) .  
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F I G U R E  ( l c )  

Immunodiffusion patterns f o r  the fractions obtained from 
the crude human thyroid procein extract chromatographed a s  
in (la). Aliquots were diffused against anti-human thyro- 
globulin ( A )  and anti-human thyroid proteins (B) with well 
numbers corresponding to the chromatographic fraction numbers. 
Also shown a r e . t h e  immunodiffusion patterns o f  the recovered 
fraction 7-9 following lyophilisation. 

0 2 L 6 8 10 12 14 16 18 
fmction number 

FIGURE (Id) 

Gel exclusion chromatography o f  the crude human thyroid 
protein extract using conditions given in (la) except that 
the pH of the eluent was increased t o  pH 6.9. 
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human thyroglobulin is essentially excluded despite the 
nominal 2 x l o 6  exclusion limit of the support, although 
high recoveries o f t h e p r o t e i n s ,  with preservation of anti- 
genicity, are obtained with these conditions. Typical 
elution profiles obtained with a crude and purified human 
thyroglobulin preparation eluted with 50mM ammonium acetate 
pH 5 . 5 ,  and the corresponding immunodiffusion patterns 
obtained with specific antisera a r e  shown in Figure la-c 
respectively. The total time required for a single chrorn- 
atographic run a t  a flow rate o f  0.7mL/min was approximately 
1 0  minutes. In spite o f  the relatively high flow rates a n d  

smaller column dimensions used in this study improved 
resolution is evident, compared t o  that obtained with s o f t  

gel supports". 
increased, eg. from lOOmM to 1H sodium acetate, potassium 

A s  the ionic strength o f  the eluent was 

tube m 

FIGURE (2a) 

Gel filtration o f  a sheep liver aldehyde dehydrogenase 
preparation on a Sephacryl 5-200 column (90 x 2.0cm), 
equilibrated in 25mM KH P O  , pH 7.3 and 0.1% 2-mercaptoethanal 
at a flow rate of 0.7mL?mi!. 
was deterTined using the reported propionaldehyde-MA0 assay 
procedureA2. 

T h e  specific enzymatic activity 
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F t t 

t t 
- L  

FIGURE ( 2 b )  

H i g h  speed gel exclusion chromatography of fractions from 
the Sephacryl 5-200 separation of the sheep liver aldehyde 
dehydrogenase preparation. Chromatographic conditions: 
column, uBondagel E-linear ( 2  x 30cm x 3.9mm), flow rate 
O.SmL/min., buffer, 5 m M  KH2P04, pH 7.3. Under these 
chromatographic conditions, the recovery o f  the enzyme 
(Ve 3.8mL) was >88%. The figure shows profiles using 
aliquots from fraction 36 ( l ) ,  dialysed fraction 38 (2) 
contaminant peak 3 4  (3) a t  pH 6.1 and fraction 3 7 ,  
containing B-mercaptoethanol (Ve 6.5mL), eluted at pH 5 . 1  (4) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
9
:
0
5
 
2
4
 
J
a
n
u
a
r
y
 
2
0
1
1



1558 HEARN ET AL. 

d i h y d r o g e n  p h o s p h a t e  e t c . ,  t h e  i n c l u s i o n  v o l u m e  o f  t h e  
t h y r o i d  p r o t e i n s  p r o g r e s s i v e l y  i n c r e a s e d .  T h i s  p r o g r e s s i v e  
i n c l u s i o n  o f  human t h y r o g l o b u l i n  a n d  t h e  o t h e r  t h y r o i d  

p r o t e i n s  p r e s u m a b l y  r e f l e c t s  c h a n g e s  i n  t h e  r a d i u s  o f  

g y r a t i o n  o f  t h e  m a c r o m o l e c u l e  f r o m  a n  e x t e n d e d  s h a p e  i n  

l o w e r  m o l a r i t y  o r  c h a o t r o p i c  b u f f e r s  t o  a m o r e  c o m p a c t  

f o r m  i n  h i g h  i o n i c  s t r e n g t h  b u f f e r s .  F u r t h e r m o r e ,  l o w e r  
r e c o v e r i e s  o f  t h e s e  t h y r o i d  p r o t e i n s  w e r e  o b t a i n e d  w i t h  t h e  

h i g h e r  i o n i c  s t r e n g t h  b u f f e r s ,  e g .  f o r  t h e  c r u d e  t h y r o g l o b u l r  
e x t r a c t ,  4 5 %  r e c o v e r y  o f  t h e  p r o t e i n s  was o b t a i n e d  w i t h  

l C O m M  p o t a s s i u m  d i h y d r o g e n  p h o s p h a t e  c o m p a r e d  t o  >90% w i t h  

5M u r e a  o r  5 0 m M  ammonium a c e t a t e  a t  pH 5 . 5 .  I t  i s  a l s o  
n o t e w o r t h y  t h a t  b o t h  t h e  r e c o v e r y  a n d  r e s o l u t i o n  w e r e  v e r y  
r e s p o n s i v e  t o  c h a n g e s  i n  pH. T h i s  e f f e c t  c a n  b e  s e e n  b y  

c o m p a r i s o n  o f  t h e  c h r o m a t o g r a p h i c  p r o f i l e s  ( F i g u r e  l a , d )  

o b t a i n e d  u n d e r  i d e n t i c a l  c o n d i t i o n s  e x c e p t  f o r  a pH c h a n g e  

f r o m  pH 5 . 5  t o  pH 6 . 9 .  When t h e  pH was l o w e r e d  t o  v a l u e  
p r o x i m a l  t o  t h e  i s o - e l e c t r i c  p o i n t  o f  t h e  t h y r o g l o b u l i n  
e g .  i n  t h e  r a n g e  pH 4 . 5 - 5 . 1 ,  t h e  m a c r o m o l e c u l e  c o u l d  n o t  

b e  e l u t e d .  

Sheep l i v e r  a l d e h y d e  d e h y d r o g e n a s e  s h o w e d  s i m i l a r  

s a l t -  a n d  p H - d e p e n d e n t  e f f e c t s  when c h r o m a t o g r a p h e d  o n  
u B o n d a g e 1  E - l i n e a r  c o l u m n s .  S i n c e  g o o d  e n z y m a t i c  r e c o v e r y  

( c a .  8 8 % )  c o u l d  b e  o b t a i n e d  w i t h  t h i s  s u p p o r t  u s i n g  a 5rnM 
KH2P04,  pH 7 . 3 ,  b u f f e r  i t  was p o s s i b l e  t o  f o l l o w  b y  H P L C  
t h e  o p e n  c o l u m n  p u r i f i c a t i o n  o f  t h i s  e n z y m e  e g .  o n  S e p h a c r y l  
5 - 3 0 0  S u p e r f i n e  ( F i g u r e  2 ) .  T h e  e n z y m e  c o u l d  n o t  b e  e l u t e d  

f r o m  P B o n d a g e l  E - l i n e a r  c o l u m n s  w i t h  t h e  same b u f f e r  a t  
pH 5 . 1  o r  w i t h  a 50mM KH2P04,  pH 7 . 3  b u f f e r .  
r e c o v e r y  o f  t h i s  e n z y m e ,  a s  w e l l  a s  f o r  human t h y r o g l o b u l i n  
n o t e d  a b o v e ,  a t  h i g h e r  s a l t  c o n c e n t r a t i o n s  i s  i n d i c a t i v e  

o f  t h e  ' s a l t i n g  o u t '  e f f e c t  a n d  s u g g e s t s  t h a t  s i g n i f i c a n t  
h y d r o p h o b i c  i n t e r a c t i o n s  o f  t h e s e  p r o t e i n s  may o c c u r  w i t h  
t h e  s u p p o r t  m a t r i x  u n d e r  t h e s e  e l u t i o n  c o n d i t i o n s .  O v a l -  

T h e  r e d u c e d  
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bumin, and several other globulin proteins, were also found 
to exhibit a similar salt effect. 

It may be concluded that, under appropriate elution 
conditions, ~ B o n d a g e l  E-linear columns in addition to the 
related pBondage1 E-125 A to E-1000A supports4, can be 
used f o r  the rapid, molecular size selective separations 
of proteins under analytical and semi-preparative conditions. 
In the present study, milligram quantities of human thyro- 
globulin could be rapidly fractionated from other thyroid 
proteins, or desalted, o n  standard (30cm x 3.9mm 1.0.) 
columns with separation times approximately 100 times shorter 
than those o f  the carbohydrate t y p e  o f  gel support, without 
loss of resolution. Although their utility for large-scale 
preparative separations has y e t  to be determined, we have 
found that these, and related silica based chromatographic 
supports are very useful for the high speed gel permeation 
chromatography o f  proteins available in small quantities 
eg. the separation of thyroid membrane glycoprotein antigens. 
These results will be reported14 in more detai 1 el sewhere. 

0 0 
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